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(54) METHOD FOR REMOVING OR INSTALLING A STATOR SEGMENT OF A GENERATOR BEING 
INSTALLED IN A NACELLE OF A WIND TURBINE

(57) The present invention describes a method for
removing or installing a stator segment (981) of a gen-
erator being installed in a nacelle of a wind turbine, and
an exchange device (100) for removing or installing a
stator segment (981) of a generator being installed in a
nacelle of a wind turbine. The method comprises coupling
a lifting mechanism (110) of an exchange device (100)
to a plurality of lifting ropes (512), wherein the plurality
of lifting ropes (512) is fixed to a hub (471) of the wind

turbine, self-lifting the exchange device (100) to the hub
(471) by the lifting mechanism (110), fastening the ex-
change device (100) to the hub (471), rotating the hub
(471) such that the exchange device (100) is aligned with
the stator segment (981) to be removed, and handling
the stator segment (981) between a stator of the gener-
ator and the exchange device (100) for removing or in-
stalling the stator segment (981).
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Description

Field of invention

[0001] The present invention relates to the field of re-
moving or installing a stator segment of a generator being
installed in a nacelle of a wind turbine. Particularly, the
present invention relates to a method for removing or
installing a stator segment of a generator being installed
in a nacelle of a wind turbine and an exchange device
for removing or installing a stator segment of a generator
being installed in a nacelle of a wind turbine.

Art Background

[0002] Today the stator segments in the generator of
a wind turbine are exchanged by dismounting the gen-
erator and the stator segment in a workshop.
[0003] For example today a method for removing a sta-
tor component from a generator being installed at a na-
celle of a wind turbine is known. The method comprises
transferring the stator component from a stator frame
structure of the generator to a component exchange tool
which is installed at a hub of the wind turbine, handling
over the stator component from the exchange tool to a
handling equipment, and removing the stator component
from the hub and/or from the component exchange tool
to a predetermined unloading region by controlling the
handling equipment.
[0004] US 2012/0073118 A1 discloses a module-han-
dling tool for facilitating installation, servicing, and/or dis-
mantling of an electromagnetic rotary machine, such as
an electrical power generator electric motor, having a
modulized active portion. In one embodiment, the mod-
ule-handling tool is configured for a machine having a
modulized stator having a number of removable mod-
ules.
[0005] The costs for maintenance of a wind turbine are
crucial from the economic perspective of the wind turbine.
Further, the time spent on maintenance of the wind tur-
bine and hence the downtime of the wind turbine is a key
factor for the operational costs of the wind turbine.

Summary of the Invention

[0006] It may be an objective of the present invention
to provide a method for removing or installing a stator
segment of a generator of a wind turbine, wherein the
method and the exchange device is able to reduce main-
tenance and operational costs.
[0007] This objective may be solved by the method for
removing or installing a stator segment of a generator
being installed in a nacelle of a wind turbine, and an ex-
change device for removing or installing a stator segment
of a generator being installed in a nacelle of a wind turbine
according to the independent claims.
[0008] According to a first aspect of the present inven-
tion, a method for removing or installing a stator segment

of a generator being installed in a nacelle of a wind turbine
is described. The method comprises coupling a lifting
mechanism of an exchange device to a plurality of lifting
ropes, wherein the plurality of lifting ropes is fixed to a
hub of the wind turbine, self-lifting the exchange device
to the hub by the lifting mechanism, fastening the ex-
change device to the hub, rotating the hub such that the
exchange device is aligned with the stator segment to be
removed, and handling the stator segment between a
stator of the generator and the exchange device for re-
moving or installing the stator segment. The stator seg-
ment may be any part of the generator which is mechan-
ically connected directly or indirectly to the stator respec-
tively the stator frame structure. Particularly, the stator
segment comprises at least one stator winding. This may
provide the advantage that with the described method a
type of stator segment which may have to be replaced
more often than other components of the stator because
the stator winding is more sensitive to failure than the
other components of the stator, may easily be ex-
changed.
[0009] In this context it should be understood that in
normal generator operation the stator winding is used for
picking up a time alternating magnetic flux and an overall
output current of the generator. For this reason, a plurality
of stator segments are provided which are arranged
around a rotational axis of the generator, wherein each
stator segment comprises at least one stator winding in
which during normal operation of the generator magnetic
induction takes place.
[0010] According to this document the term "exchange
device" may particularly denote any drivable mechanical
structure which is configured for coupling a lifting mech-
anism, temporally receiving and/or accommodating the
stator segment and handling the stator segment between
the stator and the exchange device. Thereby, the ex-
change device may be adapted to the shape of the stator
segment which is to be removed or installed. The ex-
change device may particularly be an exchange device
as described below with reference to several embodi-
ments.
[0011] Furthermore, the term "coupling a lifting mech-
anism of the exchange device to a plurality of lifting ropes"
may particularly denote that the lifting ropes are either
part of the exchange device and hence are already fixed
to the exchange device or that the exchange device com-
prises mechanical means for fastening the lifting ropes
to the exchange device. Therefore, the term "fixed to the
hub of the wind turbine" may particularly denote that one
end of each lifting rope is coupled to the exchange device
and another end of each lifting rope is coupled to the hub.
[0012] The term "lifting rope" may particularly denote
a rope or a belt.
[0013] The term "self-lifting" may particularly denote
that the exchange device comprises a lifting mechanism
which may be able to lift the exchange device from a
lower level to the hub level of the wind turbine without
any need of an external force as for example a rope winch
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or a crane on the wind turbine or any other external equip-
ment. Hence, the mechanical mechanism for lifting the
exchange device may particularly be part of the ex-
change device.
[0014] The term "lifting mechanism" may particularly
denote any mechanism which may be provided at the
exchange device, and which is able to climb the ex-
change device to the hub. Particularly, the lifting mech-
anism may be at least one winch which may coil the lifting
rope such that the exchange device is lifted to the hub
of the wind turbine.
[0015] Further, the hub may particularly denote a cen-
tral portion of the wind rotor which comprises strong me-
chanical connection means for attaching or fixing (the
radially inner end of) the rotor blades. Thereby, the rotor
blades are attached in such a manner that they are ro-
tatable around their longitudinal axis for allowing a rotor
blade pitching. In other words, the term hub may denote
a structural component of the wind turbine which is me-
chanically and functionally connected in between the
blades(s) and the rotor assembly of the generator. Spe-
cifically, the hub may be used for mechanically transmit-
ting a momentum of force from the wind driven blade(s)
to the rotor assembly in order to drive the rotor assembly.
Typically, the hub is located outside from the nacelle.
[0016] Furthermore, the term "fastening to the hub"
may particularly denote that the respective assembly, i.
e. the exchange device, is fastened to the hub such that
it rotates together with the hub when the hub is rotated
around an axis of rotation of the wind rotor of the wind
turbine. In this context a wind rotor comprises the hub
and the rotor blades extending radially from the hub. In
normal operation of the wind turbine a rotation of the hub
is caused by wind driving the wind rotor. For carrying out
maintenance, the hub may also be rotated by a special
turning device which engages with a rotor assembly of
the generator and/or a shaft rotatively connecting the hub
with the rotor assembly.
[0017] Furthermore, the term "rotating the hub" may
denote that the hub is rotated for example by the rotor
turner gear which may be able to turn the rotor when
there is no wind or even when the rotor has to be turned
against an external wind force for example for mainte-
nance procedures.
[0018] Furthermore, the term "such that the exchange
device is aligned with the stator segment to be removed"
may particularly denote that the exchange device fas-
tened to the hub is at the same angular position as the
stator segment which has to be removed or at the same
angular position as where the stator does not comprise
a stator segment.
[0019] Furthermore, the term "handling the stator seg-
ment between the stator of the generator and the ex-
change device" may particularly denote that on the one
hand the exchange device may enabling a handling of
the stator segment from the exchange device to the stator
and on the other hand the exchange device may enable
an handling of the stator segment from the stator to the

exchange device.
[0020] According to a further aspect of the present in-
vention, an exchange device for removing or installing a
stator segment of a generator being installed in a nacelle
of a wind turbine is described. The exchange device is
able to perform the method as previously described. Fur-
thermore, the exchange device comprises a lifting mech-
anism for self-lifting the exchange device to a hub of the
wind turbine, wherein the lifting mechanism is configured
for being coupled to a plurality of lifting ropes fixed to the
hub.
[0021] Hence, the exchange device may be designed
so it can drag out the stator segment of the stator frame
structure without dismounting the generator from the rest
of the turbine. This operation can be done without the
use of a jack up ship which may particularly save time
and money. Furthermore, the exchange device may be
automated so no technician has to be near the exchange
device when the exchange device is operating, and no
extra rigging needs to be done in the turbine when the
stator segment has to be replaced.
[0022] According to a further exemplary embodiment
of the present invention, the method further comprises
providing an lifting crane fixed to the hub, lifting the plu-
rality of lifting ropes to the hub by using the lifting crane
of the wind turbine, fastening each of the plurality of lifting
ropes to a respective one of a plurality of hooks, and/or
removing the lifting crane. Furthermore, each of the plu-
rality of hooks is provided on the hub.
[0023] The lifting crane (also called act safe) may par-
ticularly be fixed to the hub just before the lifting crane is
used for lifting the lifting ropes. However, it may be un-
derstood by a person skilled in the art that the lifting crane
may in contrast be permanently installed to the hub. The
lifting crane may particularly be an act safe.
[0024] Lifting the plurality of lifting ropes to the hub by
using the lifting crane may particularly comprise fixing
the free ends of the lifting ropes not coupled to the ex-
change device, to an auxiliary rope of the lifting crane.
[0025] Fastening each of the plurality of lifting ropes to
a respective one of a plurality of hooks may comprise
unfastening each lifting rope from the auxiliary rope and
coupling each lifting rope to a respective hook.
[0026] The plurality of hooks may be permanently fixed
to the hub.
[0027] It may further be mentioned that the lifting ropes
are fastened to the hooks particularly when the rotor is
in a position such that the hooks are positioned vertically
under the axis of rotation of the rotor (i.e. in a 6 o’clock
position).
[0028] According to a further exemplary embodiment
of the present invention, fastening the exchange device
to the hub comprises mounting the exchange device on
at least one flange, wherein the at least one flange is
provided on the hub.
[0029] The at least one flange is provided on the hub
may particularly denote that the flange may be an integral
part of the hub. Additionally, the flange may be surface
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treated on a surface being determined to be the contact
surface with respect to the exchange device when being
mounted to the hub.
[0030] Mounting the exchange device on at least one
flange may particularly comprise fixing the exchange de-
vice to the flange by at least one screw or fastening bolt.
[0031] According to a further exemplary embodiment
of the present invention, handling the stator segment be-
tween a stator of the generator and the exchange device
comprises mounting at least two fork guides on a stator
frame structure such that the at least two fork guides are
spaced apart from each other by the same distance as
at least two fork elements. Furthermore, the exchange
device comprises the at least two fork elements which
are distanced to each other, and the stator comprises
the stator frame structure and the stator segment.
[0032] The stator may particularly comprise the stator
frame structure and the above-described stator segment.
The stator frame structure may particularly be the sta-
tionary part of the stator which is permanently mounted
to the shaft of the wind turbine. The stator frame structure
may particularly provide fastening surfaces and/or fas-
tening means for fastening the stator segment to the sta-
tor frame structure. Particularly, the stator may comprise
more than one stator segment. Particularly, the stator
may comprise six stator segments each extending over
a rotational extension of an angle of 60° such that the six
stator segments together form the entire stator compris-
ing the stator windings.
[0033] The two fork elements may particularly be two
posts which are fixed to the exchange device by a linear
guideway respectively a stator segment sledge. The two
fork elements may particularly be distanced to each other
and may particularly be extendible simultaneously and
linearly.
[0034] Each fork guide may particularly be pencil-
shaped with a pointed extension and a flange at the other
end. The fork guide may particularly be mounted to the
stator frame structure by two screws fastening the flange
of the fork guide to the stator frame structure.
[0035] Mounting at least two fork guides on a stator
frame structure such that the at least two fork guides are
spaced apart from each other by the same distance as
at least two fork elements may comprise fixing the two
fork guides by respective two screws or fastening bolts
to the stator frame structure such that each fork guide is
unmovably mounted to the stator frame structure. The
distance between the two mounted fork guides and the
distance between the two fork elements of the exchange
device may particularly be equal.
[0036] According to a further exemplary embodiment
of the present invention, handling the stator segment be-
tween a stator of the generator and the exchange device
further comprises inserting at least two fork elements into
the stator segment by feeding the at least two fork ele-
ments through a front plate of the stator segment, mount-
ing an interface clamp to the at least two fork elements
such that the interface clamp interconnects the respec-

tive adjacent ends of the at least two fork elements. Fur-
thermore, the exchange device comprises the at least
two fork elements which are distanced to each other, and
the stator comprises the stator frame structure and the
stator segment which comprises a front plate and a back
plate by which the stator segment is mounted to the stator
frame structure.
[0037] The stator segment may particularly be mount-
ed to the stator frame structure by the front plate and the
back plate. The terms "front plate" and "back plate" may
not be seen as limiting to a respective spatial arrange-
ment but may further emphasize that the front plate and
the back plate are distanced to each other in a direction
which is parallel to the extension direction of the axis of
rotation of the wind turbine rotor.
[0038] Inserting at least two fork elements into the sta-
tor segment by feeding the at least two fork elements
through a front plate of the stator segment may be al-
lowed by corresponding through holes in the front plate.
Therefore, each fork element may be guided through a
respective through hole in the front plate. However, it
may be understood that the two fork elements may also
be guided together through one through hole in the front
plate being big enough to run the two fork elements
through the one through hole at the same time.
[0039] The interface clamp may particularly be two-
parted such that the free ends of the two fork elements
are clamped between two corresponding parts of the in-
terface clamp. Particularly, the interface clamp may com-
prise an upper part and a lower part. The terms "upper
part" and "lower part" may not be seen as limiting to a
respective spatial arrangement but may further empha-
size that the upper part and the lower part are distanced
with respect to each other along a direction which is per-
pendicular to the axis of rotation of the wind turbine rotor,
i.e. the upper part is distanced farer away from the axis
of rotation of the wind turbine rotor than the lower part.
[0040] Mounting an interface clamp to the at least two
fork elements such that the interface clamp interconnects
the respective adjacent ends of the at least two fork el-
ements may comprise fastening the two above-de-
scribed corresponding parts, i.e. the upper part and the
lower part, of the interface clamp together.
[0041] The free end of the fork element may particularly
be the end of the fork element which is, in an extended
position, not in contact with the exchange device, and
which is inserted into the stator segment.
[0042] According to a further exemplary embodiment
of the present invention, handling the stator segment be-
tween a stator of the generator and the exchange device
further comprises fastening the stator segment to at least
two fork elements of the exchange device, and sliding
the stator segment into the exchange device by the at
least two fork elements.
[0043] Fastening the stator segment to at least two fork
elements of the exchange device may particularly com-
prise fastening the stator segment to be exchanged to
the two fork elements by an intermediate part and by
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screws or fastening bolts such that the stator segment is
unmovable relatively to the two fork elements.
[0044] Sliding the stator segment into the exchange
device by the at least two fork elements may particularly
comprise uniformly pulling the two fork elements into the
exchange device along the linear guideway. After sliding
the stator segment into the exchange device the entire
stator segment may be received inside the exchange de-
vice.
[0045] According to a further exemplary embodiment
of the present invention, fastening the stator segment to
at least two fork elements of the exchange device com-
prises removing a plurality of bolts which are fastening a
back plate to a stator frame structure such that at least
two bolts remain for fastening the back plate to the stator
frame structure, providing a contact between the two fork
guides and the two fork elements, respectively, fastening
an interface clamp to the ends of the two fork elements
which are located inside the stator segment, fastening
the back plate to the interface clamp, and subsequently
unfastening the remaining at least two bolts which are
fastening the back plate to the stator frame structure.
Furthermore, the stator comprises the stator frame struc-
ture and the stator segment which comprises a front plate
and a back plate by which the stator segment is mounted
to the stator frame structure.
[0046] Removing a plurality of bolts which are fasten-
ing a back plate to a stator frame structure such that at
least two bolts remain for fastening the back plate to the
stator frame structure may particularly ensure that the
stator segment is still be hold/fixed by the back plate to
the stator frame structure. The exact number of bolts
which may be left connected to the back plate may par-
ticularly depend on the weight of the stator segment re-
spectively on the weight which may be carried by one
bolt, i.e. on the used bolts.
[0047] Providing a contact between the two fork guides
and the two fork elements, respectively, may particularly
denote that the free end of the fork element may be pro-
vided with an opening which may be brought in contact
with the fork guide. Therefore, the opening on the free
end of the fork element is engaged with the pointed free
end of the fork guide.
[0048] Fastening the back plate to the fork elements
may particularly include a fastening of the interface clamp
to the at least two fork elements and subsequently fas-
tening the interface clamp having a planar contact sur-
face to the back plate.
[0049] Subsequently unfastening the remaining at
least two bolts which are fastening the back plate to the
stator frame structure may particularly denote that after
removing the at least two bolts, the back plate may solely
be supported by and fixed to the fork elements. Hence,
the back plate may be supported via the fork elements
by the exchange device, and no longer by the stator frame
structure. Therefore, the weight of the back plate may be
supported solely be the fork elements.
[0050] According to a further exemplary embodiment

of the present invention, fastening the stator segment to
at least two fork elements of the exchange device further
comprises fastening a front plate of the stator segment
to a base plate of the exchange device such that the at
least two fork elements support the stator segment, and
subsequently unfastening the front plate from the stator
frame structure.
[0051] The exchange device may particularly further
comprise a base plate which is fixed to an opposite end
of at least two the fork elements, and which may be move-
able along the linear guideway together with the at least
two fork elements. The base plate may particularly be a
part of a stator segment sledge being a structure which
enables a sliding of the at least two fork elements along
the linear guideway. Furthermore, the base plate may
particularly comprise a planar mounting surface being
mountable to the front plate of the stator segment.
[0052] Fastening a front plate of the stator segment to
a base plate of the exchange device such that the at least
two fork elements support the stator segment may par-
ticularly comprise screwing or bolting the front plate and
the base plate together by at least one screw or fastening
bolt.
[0053] Subsequently unfastening the front plate from
the stator frame structure may particularly ensure that,
at each moment of the method, the front plate is fastened
either to the stator frame structure or to the at least two
fork elements.
[0054] According to a further exemplary embodiment
of the present invention, the above-described method
further comprises turning the rotor such that the ex-
change device is aligned vertically under the axis of ro-
tation of the rotor, unfastening the exchange device from
the hub, and/or roping down the exchange device togeth-
er with the stator segment by the plurality of lifting ropes.
[0055] Turning the rotor such that the exchange device
is aligned vertically under the axis of rotation of the rotor
may particularly denote that the rotor is turned, for ex-
ample by the rotor turner gear, to a 6 o’clock position.
Therefore, the lifting ropes may hang from the hub to the
ground vertically. This may ensure a safe and uncompli-
cated roping down of the exchange device.
[0056] Unfastening the exchange device from the hub
may particularly comprise turning off the screws coupling
the exchange device to the flange provided at the hub.
[0057] Roping down the exchange device together
with the stator segment by the plurality of lifting ropes
may be performed opposite to the lifting of the exchange
device as described above. The roping down may for
example be performed by a plurality of winches.
[0058] According to a further exemplary embodiment
of the present invention, the exchange device further
comprises a plurality of lifting ropes for fixing the ex-
change device to a hub of the wind turbine, fastening
means for fastening the exchange device to the hub, and
at least two fork elements for handling the stator segment
between a stator of the generator and the exchange de-
vice.
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[0059] The plurality of lifting ropes may particularly be
at least three fixing ropes, two fixed at one end of the
exchange device and one fixed at another end of the
exchange device being opposite the one end of the ex-
change device. Each lifting rope may particularly be fixed
to the exchange device by a winch such that the winch
may unwind or wind up the fixing rope.
[0060] The fastening means for fastening the ex-
change device to the hub may particularly be a planar
mounting surface which may correspond to the flange at
the hub to which the exchange device is meant to be
fixed at the hub.
[0061] The two fork elements may particularly be two
posts which are fixed to the exchange device by a linear
guideway respectively by a stator segment sledge. The
two fork elements may particularly be distanced to each
other and may particularly be extendible simultaneously
and linearly.
[0062] According to a further exemplary embodiment
of the present invention, the lifting mechanism comprises
a plurality of winches, wherein each winch is fixed to the
exchange device.
[0063] The winches may particularly be mounted to the
exchange device at for example three positions of the
exchange device such that the exchange device may be
held in a stable position during a winding up of the ex-
change device.
[0064] According to a further exemplary embodiment
of the present invention, the exchange device further
comprises at least one camera for monitoring a position-
ing of the exchange device relative to the hub.
[0065] Providing at least one camera may particularly
ensure that an exact alignment between the exchange
device and the hub may be monitored without the present
of a technician on the exchange device.
[0066] The method for exchanging a stator segment
my particularly comprise mounting the exchange device
on a compensating platform on a vessel, positioning the
rotor with an access hatch at a 6 o’clock position and
opening a spinner hatch. Then, the lifting ropes for the
exchange device may be hoisted using an act safe of the
wind turbine, and the lifting ropes may be attached to
hook points on the hub of the wind turbine and the act
safe may be removed. Subsequently, winches on the ex-
change device may be used to hoist the exchange device
to the hub, the exchange device may be mounted to an
existing flange on the hub, wherein the mounting takes
place from an outside of the hub, and a rotor turner gear
may be used to turn the rotor.
[0067] The rotor is positioned such that the exchange
device is aligned with the defect stator segment which is
to be removed, and the rotor is fixed in this position by
the rotor turner gear. Consecutively, a service technician
mounts two fork guides on the stator frame structure, and
by means of a geared motor, the exchange device slides
two fork elements through clearance holes in the defect
stator segment. Furthermore, a service technician
mounts an interface clamp to the two fork elements,

wherein bolts on the interface clamp are not tightened at
this point in the proceedings, and removes a plurality of
the bolts but not all of the bolts, particularly six of the
bolts, which are fastening the back plate of the stator
segment. Further, the geared motor is used to position
the interface clamp at the back plate of the stator seg-
ment. Furthermore, the bolts on the interface clamp are
tightened.
[0068] Subsequently, the service technician fastens
the interface clamp to the back plate of the stator seg-
ment, and removes the remaining, particularly four, bolts
fixing the back plate of the stator segment. Furthermore,
the service technician fastens the stator segment to a
base plate of the exchange device by removing the bolts
fixing the front plate of the stator segment to the stator
frame structure.
[0069] Then, the stator segment is slid into the ex-
change device by using the geared motor of the ex-
change device. In case of a failure of the motor or spindle,
a winch may be mounted and used to retract the two fork
elements and the stator segment fixed to the two fork
elements.
[0070] In the following steps, the rotor lock is disen-
gaged, the rotor is turned back to the 6 o’clock position
by means of the rotor turner gear, and the bolts fastening
the exchange device to the hub, are removed.
[0071] Furthermore, after being roped down from the
hub, the defect segment is slid out of the exchange de-
vice, and mounted on a fixture, the interface clamp is
removed, the two fork elements are retraced, a new stator
segment is loaded into the exchange device, the ex-
change device and the new stator segment is hoisted.
Subsequently, the new stator segment is installed in the
opposite way of how the defect stator segment is re-
moved.
[0072] It has to be noted that embodiments of the in-
vention have been described with reference to different
subject-matters. In particular, some embodiments have
been described with reference to apparatus type claims
whereas other embodiments have been described with
reference to method type claims. However, a person
skilled in the art will gather from the above and the fol-
lowing description that, unless otherwise notified, in ad-
dition to any combination of features belonging to one
type of subject-matter also any combination between fea-
tures relating to different subject-matters, in particular
between features of the apparatus type claims and fea-
tures of the method type claims is considered as to be
disclosed with this application.

Brief Description of the Drawings

[0073] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
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the invention is not limited.

Fig. 1 shows a side view of an exchange device ac-
cording to an exemplary embodiment.

Fig. 2 shows a fork guide according to an exemplary
embodiment.

Fig. 3 shows an exchange device mounted on a com-
pensating platform according to an exemplary em-
bodiment.

Fig. 4 shows a detailed view of a hub of a wind turbine
comprising an auxiliary rope coupled to a lifting crane
according to an exemplary embodiment.

Fig. 5 shows a detailed view of a hub of a wind tur-
bine, wherein three lifting ropes are coupled to the
hub, according to an exemplary embodiment.

Fig. 6 shows an exchange device comprising three
lifting ropes coupled to the exchange device accord-
ing to an exemplary embodiment.

Fig. 7 shows a detail of the hub according to an ex-
emplary embodiment.

Fig. 8 shows a hub with a mounted exchange device
according to an exemplary embodiment.

Fig. 9 shows a stator segment together with a stator
frame structure according to an exemplary embodi-
ment.

Fig. 10 shows an exchange device mounted to a hub
in a state before the fork elements are inserted into
the stator segment according to an exemplary em-
bodiment.

Fig. 11 shows an exchange device mounted to a hub
in a state when the fork elements are inserted into
the stator segment according to an exemplary em-
bodiment.

Fig. 12 shows an inner space of the stator segment
and a stator frame structure according to an exem-
plary embodiment.

Fig. 13 shows an inner space of the stator segment
and a stator frame structure according to a further
exemplary embodiment.

Fig. 14 shows an inner space of the stator segment
and a stator frame structure according to a further
exemplary embodiment.

Fig. 15 shows an inner space of the stator segment
and a stator frame structure according to a further

exemplary embodiment.

Fig. 16 shows an inner space of the stator segment
and a stator frame structure according to a further
exemplary embodiment.

Fig. 17 shows an inner space of the stator segment
and a stator frame structure according to a further
exemplary embodiment.

Fig. 18 shows an exchange device mounted to a hub
in a state when the fork elements are extracted from
the stator according to an exemplary embodiment.

Fig. 19 shows an exchange device mounted to a hub
in a state when the stator segment is completely slid
into the exchange device according to an exemplary
embodiment.

Detailed Description

[0074] The illustrations in the drawings are schemati-
cally. It is noted that in different figures, similar or identical
elements are provided with the same reference signs.
[0075] Fig. 1 shows a side view of an exchange device
100 according to an exemplary embodiment.
[0076] The exchange device 100 comprises three
winches 110, a linear guideway 120, and a motor 130
comprising a gear. The exchange device 100 further
comprises a first fork element 151 and a second fork
element 152 which are together guided along the linear
guideway 120 via a plurality of bearings 125. The first
fork element 151 and the second fork element 152 are
each, at its respective free end, coupled to an interface
clamp 155 which interconnects the first fork element 151
and the second fork element 152. Furthermore, the first
fork element 151 and the second fork element 152 may
be coupled to a stator segment sledge 161 which may
slide with respect to the linear guideway 120, and which
comprises a base plate 162 of the exchange device 100.
Each of the above-described components are coupled
to a base frame 163 of the exchange device 100.
[0077] Additionally, the exchange device 100 compris-
es a control unit 141 as well as a cable spool 142.
[0078] Fig. 2 shows a fork guide 290 according to an
exemplary embodiment.
[0079] The fork guide 290 comprises a pointed end
293, a flange 292 on an opposite side relatively to the
pointed end 293, and a shaft 291 interconnecting the
pointed end 293 and the flange 292. The flange 292 com-
prises two through holes 294 for inserting respective
screws for fastening the fork guide 290 to the stator frame
structure 982 (shown in Fig. 9). Furthermore, the fork
guide 290 comprises a further flange 295 provided on
the flange 292, and extending from the flange 292 oppo-
site to the shaft 291. With the further flange 295 the fork
guide 290 may be aligned with the stator frame structure
982.
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[0080] Fig. 3 shows an exchange device 100 mounted
on a compensating platform 300 according to an exem-
plary embodiment.
[0081] The exchange device 100 is mounted to the
compensating platform 300 by a first cable 311 and a
second cable 312. Additionally, the exchange device 100
is already coupled to an auxiliary rope 381 of the wind
turbine. The first cable 311 is connected to a first crane
boom 321 of the compensating platform 300 and the sec-
ond cable 312 is connected to a second crane boom 322
of the compensating platform 300.
[0082] Fig. 4 shows a detailed view of a hub 471 of a
wind turbine comprising an auxiliary rope 381 coupled to
a lifting crane 474 according to an exemplary embodi-
ment.
[0083] Two connection pieces 472 for a respective ro-
tor blade (schematically shown in Fig. 4) are connected
to the hub 471. Additionally, it may be understood for a
person skilled in the art that a third connection piece is
connected to the hub (the third connection piece is not
shown in Fig. 4).
[0084] Furthermore, an opening 473 in a spinner 475
of the wind turbine is shown in Fig. 4 as being positioned
vertically under the axis of rotation of the wind rotor, in
the closed state, which may be used to access an inner
side of the wind turbine. The position where the opening
473 is positioned under the axis of rotation of the wind
rotor may be referred to as a 6 o’clock position.
[0085] The auxiliary rope 381 is connected to the hub
471 by the lifting crane 474 (schematically shown in Fig.
4).The lifting crane may particularly be an act safe, and
is coupled to the hub 471.
[0086] Fig. 5 shows a detailed view of a hub 471 of a
wind turbine, wherein three lifting ropes 512 are coupled
to the hub 471, according to an exemplary embodiment.
[0087] Each of the three lifting ropes 512 is coupled to
the hub 471 by a respective one of the three hooks 575.
The three hooks 575 are particularly permanently fixed
to hub 471. However, it may be understood that each of
the hooks 575 may individually be exchanged in the case
of a failure. The three lifting ropes 512 are fixed to the
respective hooks 575 with their first ends.
[0088] Fig. 6 shows an exchange device 100 compris-
ing three lifting ropes 512 coupled to the exchange device
100 according to an exemplary embodiment. Each of the
three lifting ropes 512 is coupled to the exchange device
100 by a respective winch 110. Each winch 110 may be
controlled individually by the control unit 141. By individ-
ually controlling each of the three winches 110, the ex-
change device 100 may be exactly positioned with re-
spect to the hub 471.
[0089] Fig. 7 shows a detail of the hub 471 according
to an exemplary embodiment. The hub 471 comprises
at least one flange 776 to which the exchange device
100 may be fixed. As depicted in Fig. 7, the flange 776
is formed integrally with the hub 471 and comprises a
planar and surface treated contact surface.
[0090] Fig. 8 shows the hub 471 with a mounted ex-

change device 100 according to an exemplary embodi-
ment. The spinner 475 may solely opened at a position
where the exchange device 100 is fixed to the hub 471.
The hub 471 with the mounted exchange device 100 is
turned by the rotor turner gear anticlockwise as depicted
by a rotation arrow 801. The hub 471 is rotated to an
angular position where the stator segment to be ex-
changed, is positioned.
[0091] Fig. 9 shows a stator segment 981 together with
a stator frame structure 982 according to an exemplary
embodiment. A service technician may be present in the
inner space of the wind turbine, and may mount two fork
guides 290 to the stator frame structure 982. The two
fork guides 290 are distanced such that a distance be-
tween the two fork guides 290 equals a distance between
the first fork element 151 and the second fork element
152. The stator segment 981 comprises a plurality of sta-
tor windings 983.
[0092] Fig. 10 shows an exchange device 100 mount-
ed to a hub 471 in a state before the fork elements 151,
152 are inserted into the stator segment 981 according
to an exemplary embodiment. The first fork element 151
and the second fork element 152 are slide a certain dis-
tance out of the exchange device 100 by the stator seg-
ment sledge 161. The respective free ends of the first
fork element 151 and the second fork element 152, re-
spectively, are already entered into the stator segment
981 through the opening 473 in the spinner 475. The first
fork element 151 and the second fork element 152 are
slide by means of a geared motor.
[0093] Fig. 11 shows an exchange device 100 mount-
ed to a hub 471 in a state when the fork elements 151,
152 are inserted into the stator segment 981 according
to an exemplary embodiment. By means of the stator
segment sledge 161 the first fork element 151 and the
second fork element 152 are inserted into the stator seg-
ment 981 through the opening 473 in the spinner 475.
Compared to the state as depicted in Fig. 10, the stator
segment sledge 161 is further slid on the linear guideway
120 towards the opening 473.
[0094] Fig. 12 shows an inner space of the stator seg-
ment 981 and a stator frame structure 982 according to
an exemplary embodiment. The first fork element 151
and the second fork element 152 are inserted through
respective openings in the front plate 1284 of the stator
segment into the stator segment 981. The first fork ele-
ment 151 and the second fork element 152 are not com-
pletely inserted into the inner space but rather extend
into the first half of the inner space between the front
plate 1284 and the back plate 1285 of the stator segment
981. The respective free ends of the first fork element
151 and the second fork element 152 are coupled to the
interface clamp 155. The interface clamp 155 is formed
from an upper part 1256 and a lower part 1257. The upper
part 1256 and the lower part 1257 are interconnected by
a plurality of bolts which at this point in time of the ex-
change procedure are not yet tightened.
[0095] Fig. 13 shows an inner space of the stator seg-
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ment 981 and a stator frame structure 982 according to
a further exemplary embodiment of the invention. The
first fork element 151 and the second fork element 152
are each completely inserted into the stator segment 981.
At this point of time in the exchange procedure, the in-
terface clamp is in contact with the back plate 1285 of
the stator segment 981. There are already a plurality of
back plate bolts 1313 removed for allowing the contact
between the interface clamp 155 and the back plate 1285.
However, the back plate 1285 is still fastened to the stator
frame structure 982 by at least two back plate bolts 1313
from which three back plate bolts 1313 are depicted in
Fig. 13. When the first fork element 151 and the second
fork element 152 are completely inserted into the inner
space, the base plate 162 of the stator segment sledge
161 is in direct contact with the front plate 1284.
[0096] Fig. 14 shows an inner space of the stator seg-
ment 981 and a stator frame structure 982 according to
a further exemplary embodiment. Four interface clamp
bolts 1413 are used to fasten the interface clamp 155 to
the back plate 1285 of the stator segment 981. At this
point of time in the exchange procedure, the interface
clamp 155 is fastened to the back plate 1285 and at the
same time the back plate 1285 is still fastened to the
stator frame structure 982 by the plurality of back plate
bolts 1313 from which four back plate bolt 1313 are de-
picted in Fig. 14.
[0097] Fig. 15 shows an inner space of the stator seg-
ment 981 and a stator frame structure 982 according to
a further exemplary embodiment. In this step of the ex-
change procedure, the remaining four back plate bolts
1313 which were still fastening the back plate 1285 to
the stator frame structure 982 are removed. Hence, the
back plate 1285 is now solely supported via the interface
clamp 155 by the first fork element 151 and the second
fork element 152.
[0098] Fig. 16 shows an inner space of the stator seg-
ment 981 and a stator frame structure 982 according to
a further exemplary embodiment. Six base plate bolts
1613 are used to fasten the base plate 162 (not depicted
in Fig. 16 because the base plate is behind the front plate
1284 in Fig. 16) of the stator segment sledge 161 to the
front plate 1284 of the stator segment 981. At this point
of time in the exchange procedure, the base plate 162 is
fastened to the front plate 1284 and at the same time the
front plate 1284 is still fastened to the stator frame struc-
ture 982 by a plurality of front plate bolts 1623 from which
twelve front plate bolts 1623 are depicted in Fig. 16.
[0099] Fig. 17 shows an inner space of the stator seg-
ment 981 and a stator frame structure 982 according to
a further exemplary embodiment. In this step of the ex-
change procedure, the remaining front plate bolts 1623
which were still fastening the front plate 1284 to the stator
frame structure 982 are removed. Hence, the front plate
1284 is now solely supported via the base plate 162 by
the first fork element 151 and the second fork element
152.
[0100] Fig. 18 shows an exchange device 100 mount-

ed to a hub 471 in a state when the fork elements 151,
152 are extracted from the stator according to an exem-
plary embodiment. By means of a geared motor, the sta-
tor segment sledge 161 is slid into the exchange device
100. As depicted in Fig. 18, the stator segment 981 to be
exchanged, is slid half way into the exchange device 100
and is supported by the first fork element 151 and the
second fork element 152.
[0101] Fig. 19 shows an exchange device 100 mount-
ed to a hub 471 in a state when the stator segment 981
is completely slid into the exchange device 100 according
to an exemplary embodiment. The stator segment 981
is completely slid into the exchange device 100. There-
fore, in the next step in the exchange procedure, the ex-
change device may be dismounted from the hub 471.
[0102] It should be noted that the term "comprising"
does not exclude other elements or steps and "a" or "an"
does not exclude a plurality. Also elements described in
association with different embodiments may be com-
bined. It should also be noted that reference signs in the
claims should not be construed as limiting the scope of
the claims.

Claims

1. A method for removing or installing a stator segment
(981) of a generator being installed in a nacelle of a
wind turbine, the method comprising
coupling a lifting mechanism (110) of an exchange
device (100) to a plurality of lifting ropes (512),
wherein the plurality of lifting ropes (512) is fixed to
a hub (471) of the wind turbine,
self-lifting the exchange device (100) to the hub (471)
by the lifting mechanism (110),
fastening the exchange device (100) to the hub
(471),
rotating the hub (471) such that the exchange device
(100) is aligned with the stator segment (981) to be
removed,
handling the stator segment (981) between a stator
of the generator and the exchange device (100) for
removing or installing the stator segment (981).

2. The method according to claim 1, further comprising
providing a lifting crane (474) fixed to the hub (471),
lifting the plurality of lifting ropes (512) to the hub
(471) by using the lifting crane (474) of the wind tur-
bine,
fastening each of the plurality of lifting ropes (512)
to a respective one of a plurality of hooks (575),
wherein each of the plurality of hooks (575) is pro-
vided on the hub (471), and/or
removing the lifting crane (474).

3. The method according to claim 1 or 2,
wherein fastening the exchange device (100) to the
hub (471) comprises
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mounting the exchange device (100) on at least one
flange (776),
wherein the at least one flange (776) is provided on
the hub (471) .

4. The method according to any one of the claims 1 to 3,
wherein handling the stator segment (981) between
a stator of the generator and the exchange device
(100) comprises
mounting at least two fork guides (290) on a stator
frame structure (982) such that the at least two fork
guides (290) are spaced apart from each other by
the same distance as at least two fork elements (151,
152),
wherein the exchange device (100) comprises the
at least two fork elements (151, 152) which are dis-
tanced to each other, and
wherein the stator comprises the stator frame struc-
ture (982) and the stator segment (981).

5. The method according to any one of the claims 1 to 4,
wherein handling the stator segment (981) between
a stator of the generator and the exchange device
(100) further comprises
inserting at least two fork elements (151, 152) into
the stator segment (981) by feeding the at least two
fork elements (151, 152) through a front plate (1284)
of the stator segment (981),
mounting an interface clamp (155) to the at least two
fork elements (151, 152) such that the interface
clamp (155) interconnects the respective adjacent
ends of the at least two fork elements,
wherein the exchange device (100) comprises the
at least two fork elements (151, 152) which are dis-
tanced to each other, wherein the stator comprises
the stator frame structure (982) and the stator seg-
ment (981) which comprises a front plate (1284) and
a back plate (1285), by which the stator segment
(981) is mounted to the stator frame structure (982).

6. The method according to any one of the claims 1 to 5,
wherein handling the stator segment (981) between
a stator of the generator and the exchange device
(100) further comprises
fastening the stator segment (981) to at least two
fork elements (151, 152) of the exchange device
(100), and
sliding the stator segment (981) into the exchange
device (100) by the at least two fork elements (151,
152).

7. The method according to claim 6,
wherein fastening the stator segment (981) to at least
two fork elements (151, 152) of the exchange device
(100) comprises
removing a plurality of bolts (1313) which are fasten-
ing a back plate (1285) to a stator frame structure
(982) such that at least two bolts (1313) remain for

fastening the back plate (1285) to the stator frame
structure (982),
providing a contact between the two fork guides
(290) and the two fork elements (151, 152), respec-
tively,
fastening an interface clamp (155) to the ends of the
two fork elements (151, 152) which are located inside
the stator segment (981),
fastening the back plate (1285) to the interface clamp
(155), and subsequently
unfastening the remaining at least two bolts (1313)
which are fastening the back plate (1285) to the sta-
tor frame structure (982),
wherein the stator comprises the stator frame struc-
ture (982) and the stator segment (981) which com-
prises a front plate (1284) and a back plate (1285),
by which the stator segment (981) is mounted to the
stator frame structure (982).

8. The method according to claim 6 or 7,
wherein fastening the stator segment (981) to at least
two fork elements (151, 152) of the exchange device
(100) further comprises
fastening a front plate (1284) of the stator segment
(981) to a base plate (162) of the exchange device
(100) such that the at least two fork elements (151,
152) support the stator segment (981), and subse-
quently,
unfastening the front plate (1284) from the stator
frame structure (982).

9. The method according to any one of the claims 1 to
8, further comprising
turning the rotor such that the exchange device (100)
is aligned vertically under the axis of rotation of the
turbine rotor,
unfastening the exchange device (100) from the hub
(471), and/or
roping down the exchange device (100) together with
the stator segment (981) by the plurality of lifting
ropes (512).

10. An exchange device (100) for removing or installing
a stator segment (981) of a generator being installed
in a nacelle of a wind turbine, wherein the exchange
device (100) is able to perform the method according
to any one of the claims 1 to 9, the exchange device
(100) comprising
a lifting mechanism (110) for self-lifting the exchange
device (100) to a hub (471) of the wind turbine,
wherein the lifting mechanism (110) is configured for
being coupled to a plurality of lifting ropes (512) fixed
to the hub (471).

11. The exchange device (100) according to claim 10,
further comprising
a plurality of lifting ropes (512) for fixing the exchange
device (100) to a hub (471) of the wind turbine,
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fastening means for fastening the exchange device
(100) to the hub (471),
at least two fork elements (151, 152) for handling the
stator segment (981) between a stator of the gener-
ator and the exchange device (100).

12. The exchange device (100) according to claim 10 or
11,
wherein the lifting mechanism (110) comprises a plu-
rality of winches (110), wherein the plurality of winch-
es (110) is fixed to the exchange device (100).

13. The exchange device (100) according to any one of
the claims 10 to 12, further comprising
at least one camera for monitoring a positioning of
the exchange device (100) relative to the hub (471).
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